A class of congrunces of principal Volterra-type effective dislocation lines associated with a dislocation density tensor is distinguished in order to investigate the kinematics of continuized defective crystals in terms of their dislocation densities (tensorial as well as scalar). Moreover, it is shown , basing oneself on a formula defining the mean curvature of glide surfaces for principal edge effective dislocation lines, that the considered kinematics of continuized defective crystals is consistent with some relations appearing in the physical theory of plasticity (e.g. with the Orowan-type kinematic relations and with treatment of the shear stresses as driving stresses of moving dislocations).
Introduction
If the macroscopic properties of a crystalline solid with many dislocations are considered, a continuous limit approximation can be defined by means of the condition that, at each point of the body, a characteristic mesoscopic length, say of the order of 10-100 nm, can be approximately replaced with the infinitesimal length [1] . Although, in this continuous limit, the global long-range order of crystals is lost in the presence of dislocations, nevertheless their local long-range order still exists [2] .
We restrict our investigation to the Bravais crystal, because this crystal has the smallest amount of different defect types, but enough to study the general principles.
The mesoscopic observation level scale enables to consider the so-called mesoplasticity approach to the description of plastic deformations [3] . In the mesoplasticity approach, plastic deformation can be, at least in principle, predicted by an Orowan-type theoretical model, that is, by generalization of the so-called Orowan kinematic relation [3, 4] where γ denotes the macroscopic strain rate, ρ is the mean density of mobile dislocations defined as the length of all moving dislocation lines included in the volume unit, b is the mean strength of these dislocations (i.e. the mean modulus of their Burgers vectors), and v is the mean dislocation speed. There are two basic types of dislocation movement, glide in which the dislocation moves in a surface ,called the glide surface, which contains its line and Burgers vector, and climb in which the dislocation moves out of the glide surface normal to the Burgers vector [4] . Glide of many dislocations results in slip, which is the most common manifestation of plastic deformation in crystalline solids. The glide motion of an effective dislocation line ( [6] and Section 3) can be considered as an elementary act of the mesoscale-type continuous limit description of plastic deformations [5, 6] . It is shown that the geometric theory of continuously dislocated crystals presented in [1] and [6] admits a continuous counterpart of the Orowan kinematic relation (1.1) (Sections 4-6 and [7] ).
The appearance of dislocations generates a bend of originally straight lattice lines. For example, the lattice lines in a continuized dislocated Bravais crystal form a system of three independent congruences of curves and tangents to these curves define local crystallographic directions of this crystal. Planes spanned by two local crystallographic directions are local crystal planes. If a distribution of these planes is integrable [1] , then its integral manifolds constitute a family of crystal surfaces. Note that in the case of a crystalline body with many dislocations, the mean value n κ of normal curvatures of its crystal surfaces in their local crystallographic directions (see e.g. [1, 8] ) can be approximated (in a continuous limit) by (1.2) [ where ρ denotes the mean density of dislocations defined here as the length of all dislocation lines included in the volume unit, and b is the mean strength of the considered dislocations [6, 9] . It appears that the proposed theory of continuously dislocated crystals is consistent with this relation (Section 6; see also [6] )
It is known that the occurrence of many dislocations in a crystalline solid is accompanied with the appearance of point defects created by the distribution of dislocations [10] . The influence of these secondary point defects on metric properties of a continuously dislocated Bravais crystal can be represented by a Riemannian material space, defined by the assumption that the body under consideration is additionally endowed with the such Riemannian internal length measurement that reduces to the Euclidean length measurement if the dislocations are absent (Section 2) [1] . The influence of secondary point defects on the slip phenomenon can be then taken into account by means of treatment of the congruences of effective dislocation lines, crystal surfaces and the virtual slip surfaces as those located in this material space (Sections 3 and 5). Note that such surfaces can be, at least locally, isometrically embedded in the Euclidean ambient space of the dislocated crystalline body [1] . Moreover, if a counterpart of Eq. (1.2) holds in the Riemannian material space, then the mean curvature of crystal surfaces, considered as submanifolds of this space, takes the physical meaning of a material parameter that characterizes the influence of secondary point defects on the slip phenomenon (Sections 6 and 7). E (e.g. [2] ). We will consider the curvilinear coordinate systems
Dislocation densities
defined on an open subset U and such that and we will denote
The body under consideration is a continuous solid body with its material structure defined as a continuous limit approximation of a Bravais crystal with many dislocations (see Section 1). A distinguished vector base of the linear module W(B) of vector fields on B tangent to B (see [1] , Appendix), called further on the Bravais moving frame, is considered as the one defining a system of three independent congruences of lattice lines of the continuized crystal as well as scales of an internal length measurement along these lines [1] . The condition that the bend of lattice lines due to dislocations (see Section 1) is not generated by a global deformation of the body means that the so-called object of anholonomity
does not vanish. This object of material anholonomity describes the long-range distortion of a Bravais crystal due to dislocations [1] . 
where ε defines the Burgers vector orientation and It seems to be physically reasonable to take into account the influence of secondary point defects on the Burgers vector. It can be done e.g. in the following way.
Firstly, let us note that although translational symmetries of the crystal are lost in the above mentioned continuous limit approximation, nevertheless the base vector fields of a Bravais moving frame can be considered as those that define the scales of an internal length measurement along local crystallographic directions of the dislocated Bravais crystal (Section 1). Namely, we can define the following intrinsic material metric tensor g of an internal length measurement within the dislocated Bravais crys-
describing a distortion of the globally Euclidean length measurement within a crys- [ ] 
Effective dislocations
Let us rewrite Eq. (2.9) in the following form:
where ρ is the scalar density of dislocations defined by Eq. and by the following condition [6] :
We will identify a geometric curve of this congruence with an effective dislocation line [6] . A line in g B with its unit tangent l and endowed with the nonvanishing local Burgers vector b, can be interpreted as the edge (effective) dislocation line if [6] 
where it was denoted:
In other cases an effective dislocation line is interpreted as the mixed dislocation line.
Introducing the designations: , is called further on a Volterra moving frame [6] . 
, π e e ) ( ) 2 3 , π e e -normal planes and -rectifying planes [6] . It follows from Eqs. (3.9), (3.12) and (3.15) that ( ) Consequently, according to Eq. (3.14), we obtain that: , be a time-dependent Bravais moving frame. 
and it is assumed that ( )
The instantaneous long-range distortion of the continuized dislocated Bravais crystal is characterized by the family
, of tensor fields dependent on time as a parameter: [16] ) and it has been generalized in order to describe a congruence timedependent curves in a Riemannian space [5] . Namely, putting surfaces (on which the dislocations are located) and virtual slip surfaces [6] .
Material flow
The Bravais moving frame 
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Elastic behavior of matter is usually classified as reversible, inelastic behavior as irreversible. Like in thermodynamics, irreversibility in mechanics is much more involved than reversibility. Therefore it has not been possible to develop a unified the-ory which covers all the diverse inelastic phenomena. Nevertheless, it is a distinctive feature of inelasticity that the decisive motion processes occur in the interior of the bodies [17] . , that is [7, 18] :
The corresponding material volume 3-form is given by [18] : 
Let denote an extended Lie differentiation operator [18] . Then (see Appendix)
where g D is called the intrinsic rate of stretchings tensor [7] , and is equivalent to the preservation of the body material volume in a rate-sensitive plastic regime. Thus, it is a counterpart of the incompressibility condition in the theory of perfectly plastic materials. A material flow consistent with the instantaneous internal length measurements and fulfilling the above incompressibility condition will be called the conservative material flow. Note that the above preservation of volume applies to the plastic motion only. However, it has been accepted in most macroscopic theories of elastoplasticity, that hydrostatic pressure and tension have a negligible influence: elastoplastic flow does not alter the density of the body [17] . This situation changes at very high pressure only. If we restrict ourselves to sufficiently low pressures, then there is no volume change by the total elastoplastic deformation, hence also no volume change by the elastic part of the total deformation [17] .
Conservative material flows
Let us consider a Bravais moving frame we will call them local glide planes. We will say that a material flow is consistent with the distri-bution of local glide planes associated with the considered Volterra moving frame, if the corresponding intrinsic rate of stretchings tesor
constrained by the following counterparts of kinematic conditions considered in the theory of perfect plasicity [7] : the material flow is conservative and the local glide planes are instantaneously inextensible planes. The last condition can be formulated as follows ( [7] , cf. [19] ): if u is a vector field on g B such that The intrinsic material velocity field v of a material flow consistent in this sense with the Volterra moving frame is called the dislocation flow velocity [7] . The modulus and the space g B is foliated by the family ( )
where it was denoted (5.10)
).
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The time-dependent Bravais moving frame is, in the coordinate system of Eq. (5.8),
given by 
and, in general, Moreover, the considered effective edge dislocation lines can be interpreted as those describing a continuized Bravais crystal, endowed with a distribution of very small prismatic edge dislocation loops normal to the time-dependent m-direction [6] . [4]). There are various dislocation dynamics descriptions, treating T as driving stress of moving dislocations. For example, it has been experimentally established that at low temperatures, when the climb (see [6] , Section 1) is negligible, a relationship between the dislocation flow speed g v , interpreted as the mean dislocation speed in the presence of many secondary point defects, and the stresses, can be taken in the following form (see e.g. [3, 4] and [26] ): where Eqs. (6.17) and (7.3) were taken into account. It must be emphasized that Eq. where (see [1] , Appendix) (A.5) ( )
